Summary. The In Exp. 2, for 5 consecutive mornings, before the prolactin pulse was expected to occur, bromocriptine was injected i.m. In 2/4 treated animals the prolactin pulse was abolished and these animals showed an early progesterone peak and gave birth 28 and 29 days after treatment began. The remaining 2 animals and the controls (N = 4) did not show reactivation until after they experienced a stimulatory photoperiod.
Introduction
The annual reproductive cycles of the tammar wallaby, Macropus eugenii, and Bennett's wallaby, Macropus rufogriseus rufogriseus, are characterized by two periods of quiescence, during which the corpus luteum (CL) is inhibited; in lactational quiescence the sucking stimulus of the pouch young maintains the inhibition, while in seasonal quiescence photoperiod is the proximate factor (Merchant & Calaby, 1981; Tyndale-Biscoe et al, 1986; Loudon & Curlewis, 1987;  Tyndale-Biscoe & Renfree, 1987, for review). In the tammar, the pituitary tonically inhibits the CL because hypophysectomy during either period of quiescence induces reactivation of the CL (Hearn, 1974) . The inhibitory agent from the pituitary is prolactin because treatment with prolactin, either after removal of pouch young or after hypophysectomy, delays reactivation (Tyndale-Biscoe & Hawkins, 1977) , while injection of bromocriptine, which inhibits the release of prolactin in eutherian mammals, induces reactivation of the CL (Tyndale-Biscoe & Hinds, 1984; TyndaleBiscoe et al, 1986; Curlewis et al, 1986) .
When reactivation of the CL is induced by removal of the pouch young, a peak of progesterone occurs at Day 5 or 6 and is followed [21] [22] days later by birth (Hinds & Tyndale-Biscoe, 1982a ). Sadleir & Tyndale-Biscoe (1977) found that tammars subjected to an artificial photoperiod of 15 h light:9h dark (15L:9D) remained in quiescence until the photoperiod was changed to 12L:12D. Births then occurred about 33-34 days later, 6 days longer than the interval to birth after the removal of pouch young (26) (27) days; Merchant, 1979) . However, the early progesterone peak occurred around Day 10 after the photoperiod change (Hinds & den Ottolander, 1983) . Subsequent studies have shown that the longer interval to birth after altered photoperiod is due to the time taken for a change in the duration of elevated melatonin concentration to be read by the brain and transmitted via the pituitary to the ovaries (McConnell & Tyndale-Biscoe, 1985; McConnell et al, 1986; Tyndale-Biscoe et al, 1986) .
In tammars kept in a summer solsticial photoperiod of 15L : 9D there is a morning pulse of plasma prolactin which is absent 5 days after a change to a photoperiod of 12L:12D. The pulse, which is coincident with lights on in the morning, is of 1-2 h duration and has a magnitude ranging from 30 to 100 ng/ml . A similar pulse has not been described for Bennett's wallabies, although daily treatment with a single intramuscular injection of prolactin delayed reactivation in animals that had been exposed to a stimulatory light change (Brinklow & Loudon, 1989) .
The aim of this study was to investigate the role of the morning prolactin pulse in the maintenance of seasonal quiescence of the CL of the tammar.
Materials and Methods

Animals and experimental design
Adult female tammars (4-2-6-3 kg) were taken from the captive colony established from Kangaroo Island stock in 1974 and maintained at the CSIRO Divison of Wildlife and Ecology, Canberra. All experiments were conducted in light-proof rooms in which photoperiod was controlled; groups of 4 females were held in individual pens (3-5 m 10 m) and fed pelleted lucerne and oats, bread, cabbage and apples, and water ad libitum.
Two approaches were taken to maintain or to abolish the prolactin pulse, and thereby extend or decrease the period of inhibition of the CL. Intravenous injection of thyrotrophin releasing hormone (TRH) stimulates the release of endogenous prolactin (Hinds & Tyndale-Biscoe, 1982b Ovine prolactin. Whole sheep pituitaries were collected from the Canberra abattoir and stored frozen until extraction. A crude prolactin fraction was prepared using a series of ammonium sulphate extractions as described by Neill & Reichert (1971) . Further purification was carried out by gel filtration on a Sephadex G100 column (2-5 100 cm). After dialysis and lyophilization the fraction was stored in a dessicator at 4°C. Purity of the fraction was confirmed by gel acrylamide electrophoresis and relative potency assessed using a mammary gland radioreceptor assay (Stewart, 1984) . Relative to ovine prolactin NIH-P-S12, this preparation was approximately 4 times more potent.
Prolactin for injection. A stock solution (2 mg ovine prolactin/ml) was prepared in PBS (pH 7-4) and diluted 1:20 to give 100 pg/ml. Ten aliquants were frozen and each morning one of these was thawed just before injection. Each animal received 50 pg in 0-5 ml.
Bromocriptine. Equal quantities of bromocriptine and D,L-tartaric acid were dissolved in 1 volume of 70% ethanol, before an equal volume of 0-9% (w/v) sterile NaCl was added to give a final bromocriptine concentration of 25 mg/ml. Treated animals received 5 mg bromocriptine/kg body weight ( = 0-2 ml solution/kg). Control animals received saline vehicle at the rate of 0-2 ml/kg. This vehicle contained only tartaric acid dissolved in equal volumes of 70% ethanol and 0-9% sterile saline.
Hormone assays All the samples from the same experiment were analysed in the same assay. Progesterone in the plasma was determined by the radioimmunoassay described by Sernia et al. (1980) using antiserum 334 received as a gift from Dr R. I. Cox (CSIRO, Sydney, Australia). The sensitivity of the assay is 25 pg/ml and intra-and inter-assay coefficients of variation are 9 and 13% respectively.
Plasma prolactin concentrations were determined by the heterologous radioimmunoassay described by Hinds & Tyndale-Biscoe (1982b) day of treatment (Day 0), when the increase from basal levels was 10-fold, but thereafter it was less than 5-fold, with a minimum response on Day 3 after the light change (4th day of injection) (Fig.  2a) . The response on Day 3 was of the same order of magnitude as the endogenous morning prolactin pulse.
Saline-treated animals showed morning prolactin pulses which ranged in magnitude from 12 to 55 ng/ml. Because individual animals had their pulses at different times, i.e. before, coincident with or after lights on, the results have been aligned to the pulse (Fig. 2b) . By Day 4 after the light change only one of the control animals showed a pulse. None had a pulse on Day 7 or 8, by which time basal concentrations also were lower than on Day -6. The magnitude ofthe naturally occurring pulses was not as great as those induced in the treated group on the first 3 days of TRH injection.
All control females showed early peaks of progesterone between Days 5 and 10 (Fig. 3) ; 4 gave birth and 1 came into oestrus 30-34 days after the change to 12L:12D (Fig. 3, Table 1 ). These responses are similar to those previously reported (Sadleir & Tyndale-Biscoe, 1977; Hinds & den Ottolander, 1983) . The 6th female did not give birth and oestrus was not detected. The TRHtreated females all showed early peaks of progesterone on Day 11 or 12 (Fig. 3) , 4-5 days after the last TRH injection, and all gave birth on Day 33 or 34 ( Fig. 3 ; Table 1 ). The intervals from the start of treatment to the progesterone peak and to birth were significantly longer in the TRH-treated females (P < 001 and < 002 respectively; paired / test) ( Experiment IB: response to ovine prolactin. At 30 min after the injection of ovine prolactin, plasma prolactin concentrations were > 100 ng/ml, but had declined to pre-injection levels within 2-5 h. None of the saline-treated females showed any change in plasma prolactin concentrations (Fig. 4) .
The 4 control females had early peaks of progesterone between Days 6 and 9 and gave birth 27-30 days after the change to the stimulatory photoregimen, 21 days after their early progesterone peak ( Fig. 5 ; Table 1 ). The prolactin-treated females showed peaks of progesterone on Day 14 or 15 (Fig. 5) , 5 or 6 days after the last injection of prolactin, and all gave birth on Day 36 or 37. These intervals from the start of treatment were significantly delayed (P < 0-001 and < 0-003 respect¬ ively, paired t test) compared to the controls. However, as in the control females, the interval from the early progesterone peak to birth was 21 days (Fig. 5; Table 1 ). 6, 7, 23, 27 After light change -, -, 8, 12 Interval to birth (days) After treatment 28, 29, 45, 49 After light change 13, 14, 30, 34 Progesterone peak to birth 22, 22, 22, 22 20, 22, 23, 24 5, 7, 8, 9 41 (Walton et al, 1977) , and these concentrations change in response to administered melatonin (Symons et al, 1983 ). Prolactin does not appear directly to influence ovarian function in the ewe during anoestrus; rather, melatonin is the mediator of photoperiod-dependent effects on the hypothalamic GnRH pulse generator (see Karsch et al, 1984; Arendt, 1986) . In the tammar, in contrast, there is no change in basal LH secretion (Tyndale- Biscoe & Hearn, 1981; Tyndale-Biscoe et al, 1986) or in the sensitivity of the hypothalamus to steroid feedback (Horn et al, 1985) throughout the annual cycle but melatonin and prolactin play a central role in the control of seasonal quiescence. Tyndale-Biscoe & Hawkins (1977) demonstrated that prolactin is the pituitary inhibitory factor which maintains the tammar CL in quiescence, and, when elevated concentrations of plasma prolactin were found during seasonal quiescence (Tyndale-Biscoe & Hinds, 1984) and in animals held in summer solsticial photoperiods (Hinds & den Ottolander, 1983) , it was proposed that hyperprolactinaemia may be important in the regulation of seasonal breeding in the tammar. However, in another study no seasonal changes in prolactin were observed between October and February (McConnell & Hinds, 1985) , and the significance of elevated prolactin concentrations was questioned (Curlewis et al, 1986 ). The present study resolves this uncertainty. The most critical factor for the maintenance of quiescence in the tammar is not sustained high concentrations of prolactin but the occurrence of a transient prolactin pulse; daily intravenous injections of ovine prolactin, which were cleared from the circulation within 2 h of treatment, maintained quiescence in tammars experiencing a stimulatory photoperiod. On re-examination, the results of the earlier studies are consistent with the findings of the present study. Because the daily blood samples were always collected in the morning within 1-2 h of lights on in the study of Hinds & den Ottolander (1983) , it is probable that the morning prolactin pulse was being detected during the inhibitory photoperiods, as well as its loss after the change to a stimulatory photoperiod. Similarly, although the timing of the prolactin pulse in animals held under natural lighting conditions has not been determined, in the study of Tyndale-Biscoe & Hinds (1984) the animals were also sampled within 2-3 h of dawn. In the third study (McConnell & Hinds, 1985) , in contrast, in which no changes in prolactin concentrations were observed, the blood samples were collected 3-5 h after dawn, after the prolactin pulse would have subsided.
Not only did exogenous prolactin maintain quiescence but an endogenous pulse induced by TRH achieved the same result. In both Exp. 1A (TRH treatment) and Exp. IB (exogenous prolactin) the differences between the treated and control groups in the time to the progesterone peak and to birth were significant. However, in both cases, the differences between the control and treated animals were less than the duration of the treatments. Tyndale-Biscoe et al (1986) showed that it takes 3 days for a change in photoperiod to be translated via the pineal gland to the pituitary gland and then to the ovaries. In the TRH-treated and prolactin-treated animals the photoperiod signal would have been processed after the light change, as in the control females, but the last factor, the endogenous prolactin pulse, would have been maintained by injection of TRH or prolactin. Hence once treatment ceased, the response time of the CL was shortened by the time between photoperiod change and the abolition of the prolactin peak, and was similar to that after removal of pouch young (Hinds & Tyndale-Biscoe, 1982a) , and the progesterone pulse occurred 4-6 days after the end of treatment.
McConnell et al (1986) found that the prolactin pulse was absent by the 5th day after a stimulatory photoperiod change. In this study, the prolactin pulse was absent in 5 of 6 control females (Exp. 1A) between the 3rd and 4th days after the light change. The interval to the pro¬ gesterone peak after the prolactin pulse was lost was 4-6 days in all females, similar to the interval after removal of pouch young (Hinds & Tyndale-Biscoe, 1982a) . This response by the pituitary confirms the earlier observations ) that the melatonin-mediated message is transduced by the pituitary within 3 days.
Exogenous intramuscular injections of prolactin for 9 consecutive days also delayed reactivation in female Bennett's wallabies held in stimulatory photoperiods (Brinklow & Loudon, 1989) , and the time to the early progesterone peak after the end of treatment was the same as after removal of pouch young. However, each intramuscular injection resulted in elevated concentrations of prolactin for up to 24 h, and so it is not clear whether daily intravenous injections resulting in elevated prolactin for only a short period would have the same effect as in the tammars. No early morning prolactin pulse has been reported for the Bennett's wallaby (Curlewis & Loudon, 1988) .
The response of the tammars to bromocriptine treatment was similar to that observed under natural conditions at the same time of year (August-September) by Tyndale-Biscoe et al (1986) . Half of the tammars treated with bromocriptine for 5 consecutive days lost their morning prolactin pulse and showed reactivated CL. The interval to birth, however, was 2-3 days longer than during lactational quiescence, in which births occur 26-27 days after a single injection of bromocriptine (Tyndale-Biscoe & Hinds, 1984) , or after removal of pouch young (26-27 days; Merchant, 1979) , which suggests that during seasonal quiescence the prolactin pulse must be absent for at least 2-3 days before reactivation is induced. Previous studies were unable to demonstrate an effect of bromocriptine on basal plasma prolactin concentrations and it was suggested that the dopamine agonist may be directly affecting the CL and not the hypothalamus/pituitary (Tyndale-Biscoe & Hinds, 1984) . In the present study, the morning prolactin pulse was abolished in 2 of 4 animals after bromocriptine treatment and only these responded, which suggests that the drug is, in fact, acting at the level of the pituitary, and so the dopaminergic control system may be operative. Never¬ theless, the animals are not as responsive as in lactational quiescence, either in terms of the number responding (2 of 4 animals) or in the time taken to reactivate after start of treatment (Tyndale-Biscoe & Hinds, 1984; Tyndale-Biscoe et al, 1986 ).
Bennett's wallabies experiencing natural photoperiod just before the summer solstice and treated with bromocriptine (time not specified in relation to dawn) did not reactivate, on the basis of progesterone profiles, in the 11 days after start of treatment (Brinklow & Loudon, 1989 Tables 1 and 2 ).
The results of this study clearly demonstrate that the presence of the early morning pulse of prolactin in the female tammar during seasonal quiescence is essential for maintenance of the inhibition of the CL. The abolition of the pulse is the critical event which must occur before the CL is reactivated.
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